The so-called resin glycosides are well known as purgative ingredients, which are characteristic of some crude drugs such as Mexican Scammony Root, Orizaba Root, Jalapae Tuber, Pharbitidis Semen, and Rhizoma Jalapae Braziliensis. These drugs all originate from Convolvulaceae plants and can be roughly divided into an ether-soluble resin glycoside called jalapin and an ether-insoluble resin glycoside called convolvulin.
The so-called resin glycosides are well known as purgative ingredients, which are characteristic of some crude drugs such as Mexican Scammony Root, Orizaba Root, Jalapae Tuber, Pharbitidis Semen, and Rhizoma Jalapae Braziliensis. These drugs all originate from Convolvulaceae plants and can be roughly divided into an ether-soluble resin glycoside called jalapin and an ether-insoluble resin glycoside called convolvulin. 1) In a previous paper, 2) we reported the isolation and structural elucidation of a new glycosidic acid called quamoclinic acid A that was obtained along with three organic acids, 2S-methylbutyric, n-decanoic, and n-dodecanoic acids, upon alkaline hydrolysis of the jalapin fraction of the seeds of Quamoclit pennata BOJER. Further, we isolated four genuine jalapins, quamoclins I, II, III, and IV, from the fraction.
2) This paper deals with the component organic and glycosidic acids of the convolvulin fraction of the seeds of this plant.
The alkaline hydrolysis products of the convolvulin fraction previously obtained 2) were fractionated into organic acid and glycosidic acid fractions. Gas chromatography (GC) of the former revealed the presence of isobutyric, 2-methylbutyric, and tiglic acids. Further, the organic acid fraction was methylated with diazomethane-ether and then examined using GC; it exhibited four peaks assignable to methyl tiglate, methyl nilate, methyl 7-hydroxydecanoate, and methyl 7-hydroxydodecanoate.
The organic acid fraction was acylated with p-bromophenacyl bromide followed by chromatographic separation to give p-bromophenacyl 2-methylbutyrate (1), p-bromophenacyl tiglate (2) , p-bromophenacyl nilate (3), p-bromophenacyl 7-hydroxydecanoate (4), and p-bromophenacyl 7-hydroxydodecanoate (5) (Fig. 1) . The absolute configuration of 1 was defined as S by comparison of the specific rotation with an authentic sample, 3) and that of 3 was considered to be 2R,3R by comparisons of the specific rotation and the 1 H-NMR spectrum of 3 with those of an authentic sample. 3) However, the absolute value of the specific rotation of 3 was approximately 6-fold greater than that of p-bromophenacyl nilate (3Ј) previously obtained in a similar process as that used for 3 from the convolvulin fraction of Pharbitidis Semen. 3) Thus the optical purities of 3 and 3Ј were examined using their 1 H-NMR spectra of (Ϫ)-a-methoxy-a-trifluoromethylphenylacetic acid (MTPA) esters 4) (3a from 3; 3Јa from 3Ј), and it was confirmed that 3 did not contain its enantiomer, while 3Ј was a mixture of p-bromphenacyl esters of the 2R,3R-and the 2S,3S-nilic acid in the ratio of approximately 6 : 5 on the basis of the ratio of intensities of signals due to H 3 -5 of the (2R,3R)-form and that of the (2S,3S)-form.
The alkaline hydrolysis of 4 and of 5, with subsequent diazomethane-ether treatment, gave methyl 7-hydroxydecanoate (4a) and methyl 7-hydroxydodecanoate (5a), respectively. The configurations at C-7 of 4a and 5a were determined using Mosher's method. 4) Compounds 4a and 5a were converted into the corresponding (Ϫ)-MTPA esters (4b from 4a; 5b from 5a) and (ϩ)-MTPA esters (4c from 4a; 5c from 5a).
Comparison of the 1 H-NMR spectrum of 4b with that of 4c revealed chemical shift differences [Dd(d4bϪd4c)] at the terminal methyl group and 2-methylene group of Ϫ0.067 and ϩ0.042 ppm, respectively, and the differences [Dd(d5bϪ d5c)] were observed as Ϫ0.036 and ϩ0.042 ppm in regard to H 3 -12 and H 2 -2, respectively; these results suggested that both configurations at C-7 of 4a and 5a were S (Fig. 1) . 5) Acidic hydrolysis of the glycosidic acid fraction gave aglycone and monosaccharide fractions. Methylation of the former with diazomethane-ether yielded methyl 7S-hydroxydecanoate (4a) and methyl 3S,11S-dihydroxytetradecanoate (methyl ipurolate) (6), 3) which were identified by their 13 C-NMR spectral data and 1 H-NMR spectral data of (Ϫ)-MTPA esters.
5) The sugar fraction was converted into trimethylsilyl ethers of diastereomeric thiazolidine derivatives and then analyzed using GC, according to the process reported by Hara et al. 6) Derivatives of D-glucose, D-fucose, D-quinovose, and L-rhamnose were detected. The glycosidic acid fraction was roughly separated into two fractions (fr. 7 and 8) using silica gel column chromatography. Fr. 7 was derived into a methyl ester with diazomethane-ether, and subsequent chromatography separation afforded a methyl ester (7) of glycosidic acid. Acidic hydrolysis of 7 gave 7-hydroxydecanoic acid and D-quinovose. Saponification of 7 yielded a new glycosidic acid, quamoclinic acid B (7a), which showed an [MϪH] Ϫ ion peak at m/z 333 (C 16 H 29 O 7 ) along with a fragment ion peak at m/z 187 [333Ϫ146 (6-deoxyhexose unit)] Ϫ in the negative-ion FAB-MS. The 13 C-NMR spectrum of 7a indicated signals due to 16 carbons comprising one carbonyl carbon, one oxygenated methine carbon, and one terminal quinovopyranosyl unit. 7) Further, the 1 H-NMR spectrum of 7a showed signals due to two equivalent methylene protons adjacent to a carbonyl group, and a primary methyl group ascribable to the 7-hydroxydecanoic acid moiety along with one b-D-quinovopyranosyl unit having the 4 C 1 conformation. Consequently, the structure of 7a was defined as 7S-hydroxydecanoic acid 7-Ob-D-quinovopyranoside (Fig. 1) .
Fr. 8 was acylated with phenacyl bromide followed by separation to give four phenacyl esters (8-11) of glycosidic acids. On alkaline hydrolysis, 8-11 gave free glycosidic acids, quamoclinic acids C (8a), D (9a), E (10a), and F (11a), respectively.
On acidic hydrolysis, quamoclinic acid C (8a) gave ipurolic acid, D- (Fig. 2) . The 13 C-NMR spectrum of 8a exhibited signals due to six anomeric carbons and one carbonyl carbon. In the 1 H-NMR spectrum of 8a, signals due to six anomeric protons, four secondary methyl groups assignable to H 3 -6 of 6-deoxyhexose units, as well as two nonequivalent methylene protons adjacent to a carbonyl group, and one primary methyl group ascribable to the ipurolic acid moiety were observed. The NMR signals due to the sugar moiety were assigned with the aid of C-NMR signals due to the sugar moiety of 8a were compared with those of methyl pyranosides in the literature. 7, 8) The glycosylation shifts 8, 9) were observed at C-2 (ϩ6.6 ppm) of the fucose unit (Fuc), C-2 (ϩ2.8 ppm) of the first glucose unit (Glc), C-2 (ϩ9.8 ppm) of the second glucose unit (GlcЈ), and C-3 (ϩ6.5 ppm) and C-4 (ϩ5.6 ppm) of the rhamnose unit (Rha). The 13 C-NMR signals assignable to C-11 of the aglycone moiety (Ag) showed a downfield shift of 9.4 ppm when compared with that of methyl ipurolate. 3) These data suggest that the sugar linkages of 8a were located at OH-2 of Fuc, OH-2 of Glc, OH-2 of GlcЈ, OH-3 and OH-4 of Rha, and OH-11 of Ag. To determine the sequence of the sugar moiety, the nuclear Overhauser and exchange spectroscopy (NOESY) spectra of 8a and peracetate (8b) of 8 were recorded. Five of the cross peaks observed in the NOESY spectrum of 8a were assigned as those between H-1 of Glc and H-2 of Fuc, H-1 of Rha and H-2 of Glc, H-1 of GlcЈ and H-3 of Rha, H-1 of Qui and H-4 of Rha, and H-1 of QuiЈ and H-2 of GlcЈ, while the counterpart due to H-1 of Fuc could not be defined because the signals were overlapping. The NOESY spectrum of 8b showed cross peaks that were assigned as in between H-1 of Fuc and H-11 of Ag, H-1 of Glc and H-2 of Fuc, and H-1 of GlcЈ and H-3 of Rha.
Accordingly, the structure of 8a was characterized as C-NMR spectral data of 9a indicated that it was composed of one mol each of quinovopyranose, rhamnopyranose, and ipurolic acid, and two mol each of glucopyranose and fucopyranose. The data also indicated that the mode of glycosidic linkages of the glucose, quinovose, and fucose units are b in the 4 C 1 conformations and that of the rhamnose unit is a in the 1 C 4 conformation. Glycosylation shifts in the 13 C-NMR spectral data of 9a were observed at C-11 (ϩ9.3 ppm) of Ag, C-2 (ϩ7.0 ppm) of Fuc, C-2 (ϩ3.4 ppm) of Glc, C-3 (ϩ6.7 ppm) and C-4 (ϩ5.5 ppm) of Rha, and C-2 (ϩ9.9 ppm) of GlcЈ. Moreover, the NOESY spectrum of 9a showed six cross peaks between H-1 of Fuc and H-11 of Ag, H-1 of Glc and H-2 of Fuc, H-1 of Rha and H-2 of Glc, H-1 of GlcЈ and H-3 of Rha, H-1 of the second fucose unit (FucЈ) and H-4 of Rha, and H-1 of QuiЈ and H-2 of GlcЈ.
Consequently, the structure of 9a was concluded to be (Fig. 1) , which was an epimer of 8a with replacement of the b-D-quinovopyranosyl group attached to OH-4 of Rha by the b-D-fucopyranosyl group.
On acidic hydrolysis, quamoclinic acid E (10a) gave the same products as those of 8a and 9a. In the negative-ion FAB-MS, 10a exhibited an [MϪH] Ϫ ion peak at m/z 1313, which was 146 mass units larger than that of 9a, and fragment ion peaks at m/z 1167 (Fig. 2) . The 1 H-NMR spectrum of 10a indicated signals due to seven anomeric protons, five secondary methyl groups, two nonequivalent methylene protons, and one primary methyl group. The 13 C-NMR spectrum of 10a showed signals due to seven anomeric carbons and one carbonyl carbon. These 1 H-and 13 C-NMR signals were assigned with the aid of techniques similar to those used for 8a, and the data indicated that 10a was composed of three mol of fucopyranose, two mol of glucopyranose, and one mol each of rhamnopyranose, quinovopyranose, and ipurolic acid. The mode of their glycosidic linkages was elucidated from the coupling constants of signals due to anomeric and methine protons as well as J C-1-H-1 values due to the sugar moiety, as shown in Fig. 1 . In the 13 C-NMR spectral data of 10a, glycosylation shifts were observed at C-2 (ϩ7.0 ppm) of Fuc, C-2 (ϩ3.8 ppm) of Glc, C-3 (ϩ6.5 ppm) and C-4 (ϩ5.6 ppm) of Rha, C-2 (ϩ10.2 ppm) of GlcЈ, C-3 (ϩ9.4 ppm) of QuiЈ, and C-11 (ϩ9.4 ppm) of Ag. From these data, it was assumed that on 10a one additional b-D-fucopyranosyl unit may be attached to OH-3 of QuiЈ of 9a. This assumption was confirmed by the appearance of seven cross peaks between H-1 of Fuc and H-11 of Ag, H-1 of Glc and H-2 of Fuc, H-1 of Rha and H-2 of Glc, H-1 of GlcЈ and H-3 of Rha, H-1 of FucЈ and H-4 of Rha, H-1 of QuiЈ and H-2 of GlcЈ, and H-1 of the third fucose (FucЉ) and H-3 of QuiЈ in the NOESY spectrum of 10a.
Thus the structure of 10a was determined to be (3S,11S)-
On acidic hydrolysis, quamoclinic acid F (11a) liberated ipurolic acid, D-glucose, D-quinovose, D-fucose, and L-rhamnose. The negative-ion FAB-MS of 11a was almost the same as that of 10a, in which an [MϪH] Ϫ and fragment ion peaks were observed at m/z 1313, 1167, 1021, 859, 567, and 405. The 1 H-and
13
C-NMR signals due to the sugar moiety of 11a suggested that 11a was composed of two mol each of glucose, quinovose, and rhamnose and one mol of fucose, which were all of the pyranose form, and further, the mode of glycosidic linkages of the glucose, quinovose, and fucose units 668 Vol. 58, No. 5 were b in the 4 C 1 conformations and that of the rhamnose unit was a in the 1 C 4 conformation. The 13 C-NMR spectral data indicated glycosylation shifts at C-2 (ϩ6.6 ppm) of Fuc, C-2 (ϩ3.0 ppm) of Glc, C-3 (ϩ5.6 ppm) and C-4 (ϩ6.1 ppm) of Rha, C-2 (ϩ10.1 ppm) of GlcЈ, C-3 (ϩ5.0 ppm) of Qui, and C-11 (ϩ9.5 ppm) of Ag. The arrangement of sugar linkages was determined using the NOESY spectrum of 11a, that is, seven cross peaks between H-1 of Fuc and H-11 of Ag, H-1 of Glc and H-2 of Fuc and/or H-1 of Glc and H-3 of Fuc, H-1 of Rha and H-2 of Glc, H-1 of Glc' and H-3 of Rha, H-1 of Qui and H-4 of Rha, H-1 of QuiЈ and H-2 of GlcЈ, and H-1 of second rhamnose unit (RhaЈ) and H-3 of QuiЈ were observed.
Consequently, the structure of 11a was defined to be
on which one mol of rhamnopyranose unit was bonded to OH-3 of Qui of 8a.
As the components of the convolvulin fraction of Q. pennata BOJER, five new glycosidic acids, quamocilnic acids B, C, D, E, and F, and six organic acids, isobutyric, 2S-methylbutyric, tiglic, 2R,3R-nilic, 7S-hydroxydecanoic, and 7S-hydroxydodecanoic acids, were elucidated. These components were different from those of the jalapin fraction of this seed, except for 2S-methylbutyric acid. Further, quamoclinic acids E and F are the first examples of heptaglycosides of glycosidic acid.
Experimental
All instruments and materials used were as cited in the preceding report 10) unless otherwise specified.
Alkaline Hydrolysis of the Convolvulin Fraction
The convolvulin fraction (5.01 g) previously obtained
2) was dissolved in 1 M KOH (30 ml) and heated at 95°C for 1.5 h. After cooling, the reaction mixture was adjusted to pH 4.0 with 1 M HCl and shaken with ether (50 mlϫ3). The ether layer was dried over MgSO 4 and evaporated in vacuo to give an oil (organic acid fraction, 0.70 g). The H 2 O layer was chromatographed over MCI gel CHP20 (solvent, H 2 O→acetone). The acetone eluate was evaporated to dryness to afford a white powder (4.29 g, glycosidic acid fraction).
Identification of Organic Acids An aliquot of the organic acid fraction was analyzed using GC [column, 3.2 mm i.d.ϫ2.0 m glass column packed with Unisole 30T (5%); carrier gas N 2 , 1.5 kg/cm 2 ; column temperature, 120°C; retention times (t R ) (min): 1.72 (isobutyric acid), 2.72 (2-methylbutyric acid), 6.10 (tiglic acid)]. A small portion of the organic acid fraction was methylated with diazomethane-ether and then analyzed using GC [column, 3.2 mm i.d.ϫ2.0 m glass column packed with Unisole 30T (5%); carrier gas N 2 , 1.0 kg/cm 2 ; column temperature, 60°C for 3 min then elevated to 110°C by 10°C/min; t R (min): 2.61 (methyl tiglate), 8 The organic acid fraction (0.65 g) in dry acetone (30 ml) was neutralized with triethylamine. p-Bromophenacylbromide (1.12 g) was added and the mixture was left to stand at room temperature for 1 h and then concentrated in vacuo to give a residue. The residue was fractionated between H 2 O (25 ml) and ether (25 mlϫ3). The ether layer was dried over MgSO 4 
Preparation of 4a and 5a
Compounds 4 (10 mg) and 5 (9 mg) were each heated with 1 M KOH (1 ml) at 95°C for 1 h. After cooling, the mixture was acidified (pH 4) with 1 M HCl, diluted by H 2 O (10 ml), then extracted with ether (5 mlϫ4). The ether layer was methylated with diazomethaneether, and then the residue was successively subjected to a silica gel column [solvent, n-hexane-AcOEt (4 : 1→3 : 1→0 : 1)] and HPLC [column, Kusano C.I.G. Si, 22 mm i.d.ϫ10 cm; solvent, n-hexane-AcOEt (2 : 1)] to give methyl 7-hydroxydecanoate (4a, 3 mg) from 4 and methyl 7-hydroxydodecanoate (5a, 4 mg) from 5, respectively. 4a: White powder. Acidic Hydrolysis of the Glycosidic Acid Fraction The glycosidic acid fraction (0.86 g) in 2 M HCl (3 ml) was heated at 95°C for 1 h. The reaction mixture was diluted with H 2 O (5 ml) and then extracted with ether (5 mlϫ4). The ether extract was dried over MgSO 4 and concentrated in vacuo to give a residue (142 mg). Treatment of the residue with diazomethane-ether, followed by evaporation, gave a white powder, which was chromatographed over a silica gel column [solvent, n-hexane-AcOEt (10 : 1→5 : 1→2 : 1→0 : 1)] to afford methyl 7-hydroxydecanoate (4a, 35 mg) and methyl ipurolate (6, 53 mg Preparation of (؊ ؊)-MTPA Esters of 3, 3, 4a, 5a, and 6 Freshly prepared (Ϫ)-MTPACl (15 mg) was added to individual solutions of 3 (3 mg), 3Ј (4 mg), and 4a (2 mg) obtained from the organic acid fraction, 4a (2 mg) obtained from the glycosidic acid fraction, 5a (1 mg), and 6 (3 mg) in pyridine (0.5 ml) and CCl 4 (5 drops) and left to stand at room temperature overnight. The solvent was removed under an N 2 stream to give a residue. The residue was purified by chromatography over a silica gel column [solvent, benzene-AcOEt (10 : 1→8 : 1→5 : 1→2 : 1)] to give (Ϫ)-MTPA ester of 3 (3a, 4 mg) from 3, (Ϫ)-MTPA ester of 3Ј (3Јa, 4 mg) from 3Ј, (Ϫ)-MTPA ester of 4a (4b, 3 mg) from 4a obtained from the organic acid fraction, 4b (3 mg) from 4a obtained from the glycosidic acid fraction, (Ϫ)-MTPA ester of 5a (5b, 1 mg) from 5a, and (Ϫ)-MTPA ester of 6 (6a, 5 mg) from 6, respectively. 3a: Syrup. quinovose, and those of the monosaccharide fractions of 8a-11a were each identical to those of D-glucose, D-fucose, L-rhamnose, and/or D-quinovose. The monosaccharide fraction (3-4 mg) was subjected to GC analysis (condition 2) as the trimethylsilyl ethers of the thiazolidine derivative, as reported by Hara et al. 6) The t R of the product of 7 was identical to that of the D-quinovose derivative, and those of the products for 8a-11a were each identical to those of the derivatives of L-rhamnose, D-fucose, D-glucose, and D-quinovose.
Acetylation of 8 Compound 8 (8 mg) was dissolved in Ac 2 O-pyridine (1 : 1, 1 ml), and the solution was left to stand at room temperature overnight. After removal of the reagent under an N 2 stream, the residue was partitioned between ether (1 mlϫ5) and H 2 O (0.5 ml). The ether layer was concentrated in vacuo to afford the acetate of 8 (8b, 9 mg).
8b: White powder, 1 H-NMR d: see Table 1 .
